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TEST F1.1

ELECTROSTATIC DISCHARGE (ESD)

F1 .1 PURPOS E. This is a laboratory safety and raliatility test simulating possible
handling and transportation conditions. The fuze must withstand high-poteti!al elacboetatic

distisrge (lightning environment is excluded).

F1.2 QEMWUQN
F1 .2.1 General. Bara and packaged unarmed ties are subjected to discharges of

electrostatic energy at selected axterior points. Eaoh fuze shall be subjected to three tests.
me firat test, personnel-borne ESD, simulates the maximum electrostatic discharge from the
human body and is performed at two dflerent test conditions representative of such
discharges. The final two tests, helicopter-borne ESD, performed on packaged and bare
fuzes,.simulate the .rnaximum expected electrostatic discharge during vertical replenishment
by hovering abuaft. . . . .. ... ——.—._ .. ...=

F1 .2.1.1 Personnel-borne ESD (bare]. This test shall be conducted on bare fuzes to
evaluate their safety and oparabIli.

I F1 .2.1.2 jjelicoot~ FSD (oac&g@). TNs test shall be conducted on fuzes in
their standard packaged mtilguration (unit or bulk packaging and shipping oontaher) to

I
evaluate their safety and operability.

F1 .2.1.3 Helicopter-borne ESD (bare~. This test shall be conducted on bare fuzes to

I evaluate their safety only.

F1 .2.2 Selection of test cmints. Selection of test points for the fuze or oontainer shall
I be based on the item’s particular Doints deemed bv ermineerirm iudament to be the most

susceptible to direct penetration or to.excitation of-the %uCtur; and-subsaquenf internal
distribution of the electromagnetic energy fmrn the dkscharge.

F1 .2.2.1 Bare fuzas. Fuzes shall be tested in all expectad electrostatically-signif mant
handling mnfigurations, both with and without caps, covers and protectke devices, to insure
evaluation of realistic worst-case conditions. When selecting test points on a fuze, special
attention and mnsideration shall be given to connectors, pins, apertures, slots, joints and
other discontinuities that may transfer energy by electric (E-fiald) or magnetic (H-field)
coupling.

F1 .2.2.2 Packaqed fuzes. Fuzes shall be in their shipping containers in their normal
shipping configurations (for-example, intact solder-seal lids or metal foil tapes or wraps).

Supersedes page F1-1 of revision B. F1-1
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When selecting test ~“nts on a container, special attention shall be given to joints and other
discontinuities that may trati energy by electric (E41eld) or magnetic (H-field) coupling.

F1 .2.3 Environmental conditions. The test shall be conducted on fuzee at an ambient
temperature of +230C ~ 100C (+730F * 18oF). Relative humidity of the ambient atmosphere
shall be no greater than 50%. The fuze shall be preconditioned at +230C t 10oC (+730F *
180F), relative humidity no greater than 50% for no less than 24 hours prior to this test.

F1 .2.4 Fuze ootilauretiort. The fuzes shall be oornpletely assembled except that lead
and booster charges, if considered to be insensitive or inaccessible to electrostatic d@harge,
may be omitted to facilitate testing. tf any explosive elements are removed, care should be
exercised to preserve electromagnetic equivalency of the resulting @lguration.

F1.2.5 ADvlicable w blications. AJlstandards, spaoifications, drawings, procedures
and manuals which form a part of ~ts teat are listed in Sectkm 2 of the introduction to this
standard. Special attention is directed to Ml L-STD-l 512, MIL-STD-322 and MIL-I-23659
which have specific applications.

F1 .2.6 Test documentation. Test plans, performance records, equipment, conditions,
results, and analysis shall be documented in accordance w“th Section 4.6 of the general
requirements to this stenderd. The test plan shall also specify

a.

b.

F1

ma number and catilguration of fuzes for aach discharge; the location of discharge
pointq tha number of times each fuza may be subjected to discharga; the type of
electrode to be used (see Section F1 .4.4); the discharge gap or description of the
mechanism utilized to move the electrode toward the tast item (sea Section F1 .4.5X
and the tast sequence (see Section F1 .5.2).

The performance requirements, pre-test data (for example, elactroexplosive device
(EED) bridge resistance and thermal time constants) and parameters for
determining proper evaluation of the fuza during and after tast, inducting how
cumulative damage, if any is to be assessed.

3. CRITERIA FOR PASSING TEST

F1 .3.1 Fuze condition after Dersonnel-home ESD [bare) and helimgter-home ESD
fpackaaed) tasts. At the completion of these tests, the fuze shall be safe for transportation,
storage, handling and use, as well as operable in accordance with Paragraphs 4.6.2.1a and
4.6.2.2 of the general requirements to this standard.

F1 .3.2 Fuze condition after helimPter-trome ESD (bare) test. At tha completion of this
test, tha fuza shall be safa for transportation, storage, handling and use in accordance with
Peragraph 4.6.2.2a of the general requirements to this standard. The fuze does not have to
be operable.

F1 .3.3 Decision basis. Breakdown, inspection, other appropriate tests and engineering
judgment shall form the basis for the decision that fuzes have passed or failed the test.

Supersedes page F1 -2 of revision B. F1-2
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F1 .4. EQUIPMENT

F1 .4.1 Test amaratus. The functional electrical schematic for the test apparatus is
shown in Figure F1-1.

F1 .4.2 Enerov delivem capability. The energy delivery capability of the test apparatus
shall be verifkd and reccvded on a daily basis. If a salient is used on the test item, it shall be
considered part of the discharge circuit.

F1 .4.2.1 Personnel-borne ESD test. The energy delivered to each of the calibration
test loads given in Table F1-1 shall be between O.18% and 0.22% (WtIen using a 500 ohm
series resistanm) or between 0.018% and 0.022°A (when using a 5000 ohm series resistance)
of the energy stored on capacitor C. Section F1 .7.3.2.1 provides a description of the threat to
fuzes or their subsystems caused by an electrostatic discharge from a human body. Section
Ft .7.4 provides a de~”ption of the required instrumentation and a procedura for measuring
the energy daliverpd by the test apparatus used to simulate the threat. Calibration test
waveforms should fall within the bounds s~”fied in Figures FI-2 through F1-5, as applicable.

F1 .4.2.2 Helicopter-borne ESD test. The enargy dalivered to the calibration test load
given in Table F1-1 shall be between 60% and 100”A of the energy stored on capacitor C.

TABLE F1 -1. Test Parameters.

Discharge Voltage Capacitor C Resistance Discharge Calibration
Procedure‘... on C (Pimfarads) R (ohms) Inductance. Test Load—.

‘- -(kiloioltki- (microhanries) (ohms)

Personnel +25H!! 50&5% 5000%% -=5 1*5%
-.

Personnel -2S5% 50W5% 50LW5% <5 16%_

l--
Personne!. .*2*%.-— ..-. . 50W5% 50W5% <5 1%%

.—Personnel -25*5% 50&5% 5ooi5% <5 1*5%

~
Helicopter +300*5% 1Oowl o% lmax” -=20 1oOt5”h

Helimpter -300*5 ”/6 1OO(M1O% lmax” <20 1oo*5%
~---

‘ Total distributed discharge circuit resistance. . .

F1 .4.3 Circuit com~onent characteristics.

F1 .4.3.1 Powe~ &JDDly. The power supply shall provide both positive and negative test
I
. .

— voltages with respect to ground.

F1 .4.3.2 Isolation circuitry. Isolation circuitry I shall isolate the test item from the

I
charging circuit during cherging of capacitor C and shall isolate the power supply from the
discharge circuit during discharge to the test itam.

F1 .4.3.3 series resistance. The series resistance R shall be non-inductive. For the air
I replenishment test, R represents tha allowable total discharge circuit resistance, excluding the

test item (see Section FI .4.1).

F1 .4.3.4 Capacitor. Capacitor C shall be chosen to minimize inductance and leakage.

Ij
:....-

Supersades page F1 -3 of revision B. F1-3
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F1 .4.3.5 ~toracre SCODS. To proparty record teat wavefofms, a osdloacopa is
raquimd having sit least a DC to 100 MHz frequency response, 50 chm input @adancO, and
both storage and hard-copy capability.

F1 .4.3.6 Test parameters. The voltage, capacitance, resistance, discharge circuit
inductance, and -Iibration tast load for each test procedure, includhg the inductance of the
capacitor and wiring to the probes shall be in atxordance with the values in Table F1-1.
Inductance shall be measured at a nominal 1 Id-fz frequency.

F1 .4.4 Electrode Characteristic. The test etactrode shall be metel and have a size
and shape that minimize corona. The electrode surface shall be maintained smooth, clean
and shiny to insure high electrical conductivity and uniformity of discharge.

F1 .4.5 J3actrode cantrol. A mechanism shall be provided to causa the tast eladrcde
either to discharge to the teat itarn through a previously specified fixed gep (sea Saclion
F1 .2.6a) or to move toward tha test item at the spaad et which it was calibrated. Tha
electrode may be snubbad to prevent hming the test item. Where it is desired to insure thet
the discharge is directed to a particular point on the test item or to assure contact by the
electrode without mechanical sh~ an elecbically conductive salient maybe attached to the
test item. In this case. it shall be established that the salient can withstand the discharge arc
and that the integument of the test itam with salient omitted can also withstand a direct
discharge arc. Ttie salient shall be inctuded in energy delivery calibration tests (sea Section
F1.4.2).

F1 .4.6 ~afetv considerateions. Propar safety intartocks, switches, grounds and
procedures shall be used to protect teat personnel from electrical and explosive hazards. A
grounding rod with insulated handle (or equivalent) shall be provided to short circuit the test
electrode to test-ckcuit ground while test personnel are setting up for tha next discharga.

F1 .5. PROCEDURE

F1 .5.1 ~. Perform the human body discharga teat and tha twu air replenishment
tests in accordance with the test plan. Test details, for example, configurations, order of trials,
inspection and number of triels, shall be at the discretion of the tast designer and shall ba
documented in the test plan.

F1 .5.2 Test saouenca. Items shall be tested as follows:

a.

b.

The test item shall be positionad such that tha test elactroda can discharge to the
first designated test point on the itam.

Capacitor C shall be charged to the chosen voltage and polarity. After C is fully
cl&gad and has been isolated from the power supply, the test electrode is allowed

I to discharge to the test point.

c.

d.

The capacitor discharge energy shall .b applied sequentially to each of the
designated tast points. The capacitor shall be fully racharged for each point.

The test aaquenca shall be stoppad if the test item at any time gives an indication of
failure to pass the test, or at the discretion of the test activity. After removal of
residual alactrical energy, the fuza shall be inspectad for compliana with Section

Supersedes paga F14 of revision B. F1-1
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e.

f.

F1..

F1 .3. Otherwise, sequential appticstion of capacitor discharge energy to all
selected test item points shall be oontinuad.

The above sequenm shall be repeated with opposite polarity voltage.

Steps a through e shall be par&mad for the remaining test items.

5.3 Number of test seouences. A minimum of 20 test sequences shall be
wnducted when testing to the personnel-borne ESD thraat This minimum number of
sequences may be reduced to 10 when testing to the helioopter4mme ESD threat. For the
purposes of this standard, a test sequence is defined as a series of discharges to the
equipmanhmder-test at the tast points idantiied in the pra4eat assessment. SUbSSqUSnt
sequences may be conducted by using dfierent itams/munitions or on the same itarnhnunition
with a dflarant set of EEDs and elactronidelecfrioel subsystems. The fidance level and
reliability of test data versus the number of test.sequances shall be considered when
determining the number of test saquenoas.

F1 .5.4 Corno Iienoa. Analyze the test rasults and determine whether or not the test
article meets the passtfail criteria in Section F1 .3.

F1 .6. ALTERNATE AND OPTIONAL TESTS

F1 .6.1 Information testing. Testing at intermediate voltages between zero and 300
kilovolts should also be conducted to identify voltage breakdown paths wMch may not be
obsamed at the voltages givan in Tabla F1 -1 and VA@I may have an adverse effect on the
test item. Parameters that should be mnsidered for additional tests are provided in Table . . -
F1-2.

F1 .6.2 Test to detamnine resoon se of an armed fuze to electrostatic discharoe. Fuza
development testing or operational conditions may require that an drmed fuze be handled.
For these cases, it is recommended that the human body discharge test be concluded on
armed fuzes to establish if they are sensitive to electrostatic discharges up to 25 kilovolts.
The results of ths test will also be helpful in establishing proosdures for disposing of the fuze
or rendering it safe by Explosive Ordnance Disposal personnel.

F1 .7. REtATED INFORMATION

F1 .7.1 Relation to other environmental tests. Electrostatic discharge tests should be
conducted eithar singly or as part of a sequence after other environmental tests have bean
completed on the fuze. It is suggested that fuzes be evaluatad for susceptibility to
electrostatic discharge after thay have been attached to fhair associated weapons, if practical.

F1 .7.2 Number of tests Der fuza. The number of capacitor discharges to a particular
fuze, bara or packaged, has not been spetiled and is at the discretion of the tast activity.
The determination of the permissible number of discharges should be based in part on
whether cumulative damage should be counted in assessing vhether the fuze meets the
passing criteria of Section F1 .3.

,.. .

.- ..:.,: ,, .,, .:.!,.. . . .. . .:
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TABLE F1-2. @oa steal IlfOmlete I ional Test Parametem.

Discharge Voltage Capacitor C Resistance Discharge Calibration
Procedure on C (picofarads) R (ohms) lnduc&anca Test Load

(kilovolts) (microhenries) (ohms)

Personnel +%5% 500%% 501Xkt5% <5 1%%

Personnel *5% 500%% 500&5”A <5 1%%

Personnel +5rk5% 500%% 50W5% -=5 1%%

Personnel -5%% 50W5% 50&5% <5 1%%

Personnel +1 o%% 500%% ~% <5 16%

Personnel -loi5% 50W5% 600C&5% <5 1+5%

Personnel +l&ts% m5% ‘SO&s% -=5 1*5%

Pereonna I -1 c%% 500%% 500%% -=5 1i5%

Personnel +1 555% 50W5% 500&5% <5 1*5%

Personnel -1 5*5”h 50CM5”A 500W5% <5 1ti”h

Personnel +1 5*5% 500*5% 50rlt5% -=5 1*5%
— Personnel -1 5i5% 5ooi5% 5ooi5% <5 1*5%

Personnel +20%% 500%% SMk!5% ..<5 1%%

Personnel -2Ck5% 500%% 500M5% -=5 1%%

Pemonnal +20i5% 5ooi5% 5ooi5% -=5 1is%

Personnel -2CM5% 5ooi5% 5ooi5% <5 1%%

Helicopter +25i5°h 1000M o% Imax” <20’ 1O&5%

Helicopter -2S5% 1ml o% lmax” <20 10W5%

Helicopter +5rlt5% 100C&l o% lmax” <20 1O&5%

Helicopter -5Ckt5% 100IMO% .lmax” <20 10W5%

Helicopter +1OW5% 1OCOtl o% lmax” <20 1O(H5%

Helimpter -1 0W5% 1000tlo% lmax” <20 100s35%

Helicopter +1 50*5% loooilo”A lrnax” <20 1ooi5%

Helicopter -1 *5% loooilo% lmex” <20 1ooi5”A

Helicopter +20-5% loooilo% lmax” <20 100*5%

Helicopter -20LMf% 1000M o% lmax” <20 1oGt5%

Helicopter +2511t5% 100W1O% lmax” <20 1ooi5%

Helimn!er -250i-5% 1000+1 o% Imax” <20 10M5”A

“ Total distributed discharge circuit resistance

.-.
..-. . . ,.
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F1 .7.3 Backcrround.

F1.7.3.1 mtura oftha oroblarQ. Msmy rno&rn weapons Contim EEDs whim are used
tO initiate a variety of furtctions such as -t mm ignif~, tie and WS- ~on~ion,
povmr carWdga and fuza actuation, stores eiedlon. and manv others. Manv fuzas hava.
aladronic ~s which ihchde transistors, in&at&t circuits and various other solid-stata
devices related to timing, arming or firing functions. Through a normal logistic cycte, weapons
undergo various phases of handling such as crating, uncrating, wrapping in protective

I

1,.

plastics, removal from barrier bags, assembling, and transferring. Thasa pmcaaaas may
rasutt in the development of an atacbostatic charge on the handier, transfer aqt@nant,
shipping mnteinara, munitions or any other ungruundad object. The clothing worn by
handfing pareonnal, if made from a synthatic fiber, is especially hazardous. Hovering aircraft
used in vertkal replenishment also davelop a significant alactrostetic &arge. rnIS maybe

discharged to an exposed lead of an EED or into an electronic circuit upon contacl between
tha handler or associated equipment and the munition. If the charge is of auffident
magnitude, so that the energy dtssipatad exceeds the initiation threshold for the EED, an
accidental initiation of the davica will occur, resulting in aither a serious hazard or dud
weapon, depending on the function of the affected EED. If an alactronic component is
overloaded by excessive voltage, parametric or gross changes may occur that are detrimental
to electronic functions such as signal processing, timing, arming and firing,

F1 .7.3.2 Electrostatic environment.

F1 :7.3.2.1 Personnel -borne. The physiological characteristics which affect the
electrostatic hazard vary over a wide range.’ The degree of the hazard also depends on the
type of dothing worn and the relative humidity of the ambient air. In most cases the uppar-
bound hazard may be represented by charging a low-loss, low-inductance 500-picofarad
capacitor to 25 kilovolts and discharging it through a resistor with not more than 5
microhenries of total circuit inductance.

F1 .7.3.2.2 Heliccmter-home. Helimpters and other hovering airu’aft become
electrostatically charged by ion emission from the engines and by the triboelectric charga
separation on airfoils. Their characteristics vary over a wide range, but a typical uppar bound
may be represented by a 1000-picofarad capecitor charged to 300 kilovolts.

F1 .7.4 Waveform characterization of the Dersonnel-home ESD threat. The heavy -
curves in Figures F1 -2 and F1 -3 represent typical 25 kilovolt pulses for the 500 ohm and 5000
ohm series resistances respectively. Risetimes are approximately 15 nanoseconds (10°%to
90% of peak value). The range of”weveforrns for equipment used to simulate the parsonnel-
bome ESD threat should fall within the bounds of the curves given in those figures. Figures
F14 and F1-5 represent typical and boundaries for voltage waveforms as measured on a
storage scope using the calibration circuit presentad in Figure F1 ~. The 1-ohm resistor
should be coaxial in order to ensure the propar frequency response. Note that the test circuit
in Figure F1 % is commercially available. If possible, the probe should be touching the
rasistor contact when the discharge is triggared. This will produce the most consistent
waveforms. Waveforms should be characterized bafore and efler testing and included in the
test report. —

Supersedes page F1 -7 of revision B. F1-7
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